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Abstract 
The conduction mechanism in poly-Si T F T  is inves- 
tigated in detail using a new device simulator based on 
Monte Carlo method. In this simulator, the influences of 
grain boundaries on the electrical conduction are repre- 
sented by the grain boundary traps. The potential bar- 
riers are formed at the grain boundaries by the trapped 
electrons. The conduction electrons are repelled by these 
potential barriers and the current flow decreases. I t  is 
found from the simulation results that these potential 
barriers are reduced more significantly near the poly-Si- 
gate oxide interface and consequently the current flow is 
confined near t,he interface when a high gate voltage is ap- 
plied. I t  also turns out that holes generated by the impact 
ionization significantly influence the channel electron con- 
duction through reducing the barrier height, at, the grain 
boundary. This effect is the origin of the avalanche in- 
duced short channel effect in poly-Si TFT.  
Introduction 
Recently, poly-Si T F T  has received much attention for 
SRAM application and large-area device application such 
as liquid crystal display and image sensor. However, the 
operation mechanism of poly-Si T F T  is still not fully un- 
derstood because it is more complicated when compared 
with that of the conventional MOS transistors due to the 
influences of the grain boundaries on the carrier conduc- 
tion. Therefore, in the device simulator for the poly-Si 
T F T ,  it is important how to incorporate the influences of 
grain boundary. So far, the device simulators for poly-Si 
T F T  which incorporated the influences of grain bound- 
aries int,o t,he mobility model[l] or the density of states[2] 
halve been reported. These simulators are practically very 
useful because they have the advantage that we can eas- 
ily treat the grain parameters such as grain size, grain 
boundary trap density and trap level. However, the ac- 
curacy of physical model in these simulators is not always 
satisfactory. Then, we have developed a new device sim- 
ulator for poly-Si T F T  with the accurate physical model 
based on Monte Carlo method for the first time[3]. 
Simulation algorithm 
Figure 1 shows the flowchart, of Monte Carlo simula- 
tion. In Monte Carlo simulation, each carrikr in the de- 
vice is traced with time. The time interval is l fsec. The 
influences of the grain boundaries are incorporated by cal- 
culating electrostatic potential around the grain bound- 
aries where carrier traps exist. The potential distribution 
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Fig.1 Flowchart of Monte Carlo simulation. 
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Fig.2 Device structure and parameters of the poly-Si TFT. 
is obtained by solving Poisson equation which includes in- 
fluences of trapped charge at  the grain boundaries. The 
motion of carriers is traced by solving Newton equation 
under such potential distribution. Two band model is ern- 
ployed in the simulation[4,5]. Acoustic phonon scattering, 
optical phonon scattering and impact ionization scatter- 
ing are taken into consideration as scattering mechanism. 
The enhanced generation-recombination process at the 
grain boundary is also incorporated. 
Electron Conduction in Channel 
Figure 2 shows the device structure and parameters 
used in this Monte Carlo simulation. To simplify the 
analysis, the identical grain size is used in the channel 
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Fig.3 Electron trajectory with time. 
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Fig.4 Electron population in the conduction band along the 
channel direction changing the depth from the front interface. 
s o o r c e [  Gate Drain 
n+ n- P- n' nc 
direction. In the figure, the location of the grain bound- 
aries is shown with dotted lines. The trajectory of elec- 
trons injected from the source with time is plotted in 
Fig.3 where five grain boundaries are inserted between 
source and drain. It is obvious in the figure that more 
electrons are injected into the channel with time and elec- 
tron Row spreads and reach the back interface near the 
drain. Electron population in the conduction band along 
the channel direction at lOpsec after electron injection 
from tjhe source is shown in Fig.4 where the depth from 
the front interface is changed. Energy barriers induced 
by electrons trapped at the grain boundaries (five bound- 
aries) are clearly observed a t  the depth of 20nm from the 
front interface although the barrier height is reduced near 
the drain. These energy barriers become smaller at the 
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Fig.5 Electron population in the conduction band along the 
channel direction changing the trap density. 
front interface (depth=Onm) because they are effectively 
reduced by the gate voltage. Therefore, electron flow is 
automatically confined close to the front interface by the 
grain boundaries except for the region near the drain. In- 
fluences of grain boundary trap on electron population in 
the conduction band along the channel direction are il- 
lustrated in Fig.5. It is obvious in the figure that the bar- 
rier height becomes larger as the trap density increases. 
Furthermore, it is clearly shown that more electrons are 
injected and the barrier height is reduced as the gate volt- 
age is increased. Two-dimensional electron distribution 
and potential contour map changing the grain boundary 
trap density are shown in Fig.6. We can see more clearly 
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Fig.G Two-dimensional electron distribution and potential 
contour map changing the trap density. 
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Fig.7 Electron population in the conduction band along the 
channel direction changing the number of the grain bound- 
aries. 
that energy barriers are formed at  the grain boundaries 
in the deep region close to  the back interface and the 
electron flow is confined into the front interface as the 
grain boundary trap density is increased. The influences 
of changing the number of grain boundaries are shown in 
Figs.7 and 8. In the case of five grain boundaries, the 
electrons in the source region can not deeply penetrate 
into the channel region because the electrons are blocked 
by the first grain boundary which exists near the source 
region. Meanwhile, in the case of three grain boundaries 
where two grain boundaries near the source region are re- 
moved, the electrons can deeply penetrate into the chan- 
nel region because the first grain boundary is far from the 
source region. In this case, the electrons are also blocked 
by the first grain boundary although the barrier height is 
rather lower for the first grain boundary than that for the 
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Fig.8 Two-dimensional electron distribution and potential 
contour map changing the number of the grain boundaries. 
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Fig.9 Two-dimensional hole distribution changing the time. 
second grain boundary. Thus, it was found that the gram 
boundary near the source region has the most significant 
influence on the carrier conduct,ion in poly-Si TFT.  
Impact Ionization Phenomenon in Poly-Si TFT 
We have investigated the impact ionization phenomenon 
based on Monte Carlo simulation. The behaviors of holes 
generated by the impact ionization with time after ap- 
plying the voltages are shown in Fig.9. We can see in the 
figure that generated holes move toward the source wikh 
time and more holes exist at  the grain boundaries be- 
cause the energy at the grain boundary is lower for holes. 
Two-dimensional electron distribution and potential coin- 
tour map corresponding to  Fig.9 are shown in Fig.10. It 
is very clearly observed that barrier height at the grain 
boundary is eliminated by the generated holes and elec- 
tron flow spreads throughout poly-Si film with time. This 
effect becomes more significant, as the channel length is 
reduced because the impact ionization occurs more seri- 
ously. Therefore, this can be one of the origins for the 
avalanche induced short channel effect in poly-Si TFT[B]. 
Influences of grain boundary trap density on holes gen- 
erated by the impact ionization is shown in Fig.11. As 
is obvious in the figure, the hole generation is suppressed 
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Fig. 10 Two-dimensional electron distribution and 
contour map changing the time. 
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Fig.11 Two-dimensional hole distribution changing the trap 
density. 
and the movement of holes toward the source is stopped 
by the grain boundary as the grain boundary trap density 
is increased. Influences of changing the recombination 
lifetime on generated holes are shown in Fig.12. Two- 
dimensional electron distribution and potential contour 
map corresponding to Fig.12 are shown in Fig.13. It is 
clear from Figs.12 and 13 that more holes are generated 
and more elect4rons flow throughout, poly-Si film due to 
the reduced ba.rrier height as the recombination lifetime 
is increased. 
Conclusions 
We developed a new device simulator for poly-Si T F T  
based on Monte Carlo method. The conduction mecha- 
nism in poly-Si T F T  is investigated in detail using this 
simulator. As a result, it was revealed that the channel 
current, is confined near the gate oxide-poly-Si interface 
by the grain boundaries and the grain boundary near the 
source region has the most significant influence on the 
carrier conduction. It was also revealed that holes by the 
impact ionization significantly influence the channel elec- 
tron conduction through reducing the barrier height, at, 
the grain boundary. We proposed for the first time that 
T,=lpsec I 
Fig.12 Two-dimensional hole distribution changing the re- 
combination lifetime. 
Lg=0.5pn time=30psec 
L,,,i.=O.lpm vG=2.0v 
Nt=2.0x 10'2cm-2 Vo=5.0V 
Fig.13 Two-dimensional electron distribution and potential 
contour map changing the recombination lifetime. 
this effect can be one of the possible mechanisms for the 
avalanche induced short channel effect in poly-Si T F T .  
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